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PREFACE 


Tbo investigation on the chemistry o*F chromium embodied 
in this thesis has been carried out in the Inorganic Chemistry 
Laboratories, T.D. College, Jaunpur and in Chemical Laboratories 
Atarre .-oot Graduate College, Atari© (BANDA). 

The inception of nitrosyl Chemistry starts with the 
isolation of nitroprussida in 1849. But the knowledge of 
nitrosyl chemistry of chromium in monovalent oxidation state 
xs vary meagre uptil now and the present study involves the 
cna .i^try of nitrosyl complexes of chromium in this oxidation 
state. New series of complex compounds of monovalent chromium 
have ba3n Papered and dascribad in this thesis including 
panta-ond hexacoordinatad nonslectrolyte species using 
cyanide, thiocyanate, diethyl dithiocerbamata, acotylacetona 
and a few mono and bidentata ligands, some of which are quite 
novel containing cyano bridging. Structural aspects of some 
of the rap resent stive type of complexes have been undertaken 
with the help of magnetic, infrarad, electronic, electron spin 
resonance, :<-ray photoalectrcn and mass spectre! studies. 

Th© reference ertad in this thesis are covered upto 
yaar 19/8 and the part of the work presented in this 
thesis has boon publishad in soma Journals of Chemistry. 
a wish to express my deep sans© of gratitude to 
ro i ©Socr . v. hastegi, Fh . D. ,Head of the Department 

of Chemistry, Gorakhpur University and Or.b . Darker, Lecturer 
in Chemistry Department, I. I. T. , Kanpur for suggesting the 
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problem. 1 aw glad to tekt the opportunity t express my 
deep sense of gratitude tc Dx.ft *K •Shukle, Head of the 
Department of Chemistry, Atarra Fast Graduate College, 
Atarra (Banda) for his able guidance, keen interest end 
stimulating discussions which provided the continuous 
impetus for the completion of the work. 

I express my grateful and sincere thanks to 
Ox. B. Singh Bhsdauria, Principal, Atarra Cost Graduate 
College, Atarra (San:.. a) for his encouragement and . 
providing the necessary facilities. I ara also indebted 
Cxi Jagpat Singh, fi»A, , Ex-Principal and President 
Hanaying Committee, Ataxr© Post Graduate Collage, Atarra 
for giving me encouragement and to my friend f;r*S„C. 
Chaurasia, Scientific tfficer, analytical chemistry 
division, BANC, Bombay for recording the various spectra 
of this work. 

I am also thankful to Dr.S *K #5xivastava, Lecturer 
in Chemistry Department, T. D. College, Jaunpur and 
Br. B.Sharma, Reed .x in Inorganic Chemistry for their 
help snd interot shown in my work. 
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Chairter X 

*2U»3rr~ 

This chapter describes a brief and general account 
of the cyanonitrcsyl complexes cf transition metals 
followed by their bonding nature end structural asp acts. 
As an cut come cf' these, the scop© of the present work 
has also been stressed in this chapter. 
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A— INTRODUCTION 

Transition metal complexes containing nitric oxide 

as a coordinating ligand have bean known by for over a 
1 

century® In this field, experiment has, in the main, cut 
run theory. This is so because NO is treated as a good 
ligand comparable to CD, yet the main differences between 
these two ligands ©rei 

(1) a wide variety of reagents can be employed as a 
source for nitrosylation whereas in carbonyl complexes, 

\ 

it is dominated by using CO as the source for carbony- 
1 at ion in varied temperatures and pressures* 

(2) Tha apparent lack of reactivity of nit rosy! complexes 
compared to tha carbonyl complexes. The development of 
new approaches in synthesizing nitrosyl complexes stemmed 
from the usefulness of nitrosylation using NO with high 
pressure high temperature technique due to its thermo— 

; 

dynamic instability and its tendency to function as an oxi— 

. 

dicing ©gent. 

3 no NgC + NOg H =* -37.2 kca! mol” 1 .. CD 

NO —4 + 2 ® 2 ^ ^ kcal ^ ! ol ^ » • {2} 

Tha made of bending of coordinated NO and CO have long 
been considered as analogous and in that sense CO, CM*’, 

NO and N_ as isoeleutronic .ligcnd, coordinate in a 

€m 


similar manner because they have same external electronic 
configuration . The bonding in nitrosyl complexes in tha 



simp last, -form is assumed as an electron transfer from 

*4* 

NO to the metal proceed© the coordination of NO thro- 
ugh the nitrogen Ions pair, n -beck donation from tha 

# «|k 

metal to th® K .antibonding orbital of the NO rein— 
forces tha lone electron pair donation of nitrogen. In 
this sans® NO functions as © three electrons donor 
compare to other isoelect ronic ligands which are for— 
mally two electrons donor. In this type of mode 

of bonding several attempts were made to interpret the 

«»1 

wide, region of 1950-1100 cm ' nitrosyls stretching in 

infrared spectral studies. To cover the lowest range of 

'O(NO) for tha red isomer of [to (NH^ ) gNUj *"* 9 it was 

argued that there was a transfer of an electron from 

th© raetal to NO, tha NO** than acting as a normal ligand 

S 

with donation of two electron© to tha mat si . However* 

#3 j. 

tha rad isomer of {Co (NH^JgNOj was latter found to 
hava a quite different structure which is a dimeric 

2 ° 

is asymmetrically bonded to the two cobalt moiety in a 

j 6 

tran© arrangement • 

Tha long search fox NO*" complex predicted as early 
as 1934 by Sidgwick^®^ culminated in the complex 
[ir(ClXCO) (NO) (PPh 3 ) 2 ] BF 4 . In this case NQ + is beli- 
eved to bs coordinated as a Lewis acid accepting an 
electron pair from the weak base iridium (I). In other 



!>} 


4 + 


where the hyponitrite ion 








Tabla-1 

V Cr Tin Fa 

X Ho X Ru 

XX Ra Os 

2 «*» 

In other stareochamietry, nickel forms fNiN 0 (CNj^l 
as tatrahadral geometry - " and vanadium gives, K^[VND(CN)gl 
as pentagonal bipy rami dal geometry .10, 11 

The cyanonitroayl complexes ware synthesized 
using typically different methods. Each method is 
suitable for a particular transition metal a© summ- 
arised below § 

(i) The action of nitric acid gn_e cyano complex, of 

a transition mataj i 

This method he® been first employed fox the pre- 
paration of sodium pantacyanonitrosyl ferrate, commonly 

called sodium nitroprussida by the reaction of nitric 

12 

acid on sodium hexacyanof errata. Th© saraa method 

has been used fox the preparation of analogous ruth- 

j - 

enium and osmium complexes. “ Treatment of Na^ £Ra (CM )g (HgC )] 
with moderately strong nitric acid is said to yield 



Ha 2 [Ra(CN)gNd] . A diamagnetic nitxcsylcyano complex 

of suggested composition Ag^ j^Re (CM (N^ )1 , obtained 

(contaminated with AgCN) , whan Kgj^Re{CN)g] is warmed 

... - . , _ ..... IS 










with MO has got no sons© in the real ©ansa of th 


gG analogous to K^JT.oNG (CM )gj 
to isolate tha ona glactron 


s ] to obtain [floHC (CN)^j 

■ 24,25 , . J , 

, but the purs 

J*2HgG was isolated 

25 

oxidising agent, Similarly 
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the purple coloured complex K^flnNO (CN) c .l . 2H^0 on 

oxidation with bromine or nitric acid gives yellow 

27 

Kgff’inNO (CN)g] • ZH^iJ »*“ ' The reduction of ©odium nitres— 
prussida with sodium in liquid ammonia yields ochra- 


yellouj compound Na^ [Fa^C (CN) g] # 2NHg as an unstable 
28 

solid. The corresponding tetraethyl ammonium salt 


whan treated with acetic acid in acetonitrile converts 
it into a blue coloured complex* (Et^Nj^FeNO (CN)^j 








E- THE STRUCTURAL CHEfilSTRY OF NITKDSYLCYANO CCF1FLEXES 

Since the emphasis in this thesis is an the chemistry 
of "Mitrosyl Complexes of Honovalent Chromium, " which was 
explore using some substitution reactions, it is proper 
to discuss briefly different physico-chemical methods 
employed so far for the elucidation of the structural 


H 



The representative nitxosyl cyano complexes whose 
structural analysis have been made are presented in 
Table 2. Interestingly in ©11 these complexes, tha f'-M-O 
angle nearly approaching to 180° and hence the f-N-Q 
group attachment is linear* Among the haxacoordinatad 

3 + 

complexes the shortest n-N distance is found foy(FeMt. ) 


2 "^ 

group and the largest ha® been encountered for (CrNO) 
group considering the first transitional ©erioss. The 
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imsrSL 

Compound 

K 3 [VN0(CN) 5 ].2H 2 G 

k 4 [\'Nc(cn) 6 ].h 2 l 

K 3 [CrN0<CN) 5 ].H 2 C 
[Co(en) J [CrND(CM) s ]»2H 2 0 
K 3 [nnN0(CN)g-] .2H 2 0 
Na 2 [F»N0(CN) 5 ].2H 2 0 
(Et 4 N)[F«NC(CN)J 
K 4 [noN0(CN) 5 '] 
(PPh 4 ) 3 [r l oNC(CN) s ] *2HgO 


n-N 

(K) 

N-C 

(R) 

R«fersnc® 

1.66 

1.29 

22 

1 # 686 

** 

11 

1.99 

1.21 

33 

1.71 

1.21 

30 

1.66 

1.21 

31 

1 .63 

1.13 

32 

1.56 

1 .16 

29 

1.95 

1.23 

20 

1.921 

1.195 

26 
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reported C-N distance -For all those complexes is of 
constant value whereas for the N-0 distance one can 
observe some variations. The expected trend is obsar— 
vad for the (fioNO) and (RoNO) groups with respect 
to Pio-M and N-0 bond distances, Tha insensitivaness 
of C— N bond distance is suggestive that stabilisation 
of the metal is mainly done by the nit rosy! group* 

Quite expectedly vibrational spectroscopy can explain 
this trend along with tha changes in N— • bond distance 
(vide infra) * Tha psntacooxdinatad complex containing 
(PmUU) 2 '*’ group has a tetragonal pyramidal structure. 

Tha short Fa-N distance is suggestive of strong txan© 
directing effect of the coordinated nit rosy 1 group 
and by virtue of this effect, the compound was isolated 
at low pH.^ Tha only known hoptacoordinatad complex is 
pentagonal bipyxamid in nature and though the stability 
of this compound was sometimes thought unusual which 
can now be explained easily on the structural data in 
the bonding scheme (vide infra). 

(ii) Haematic Re*surem_qftt_S_tag&sa * 

In advancement of bonding scheme of nitxosyi 


complexes (vide infra), tha observed magnetic moment 
va3.ues axe quite expected. Taking into account as 
metal and nitxosyi group together (because of the 
fact that nitric oxide is itself paramagnetic with 






II 



alongwith tha expected number of unpaired electrons 
'and tha observed magnetic moment values. Tba strong 
covalent nature of fi-Nt bonding is now certain from 
the studies of other physico-chemical measurement® and 
X-ray structural analysis. The bonding scheme presented 
in Fig. 1(b) shows the nature of this interaction and 
though cyanide group in most of its complexes behave 
as a good X -bonding ligand, in cyanonitrosyl complexes 
the strong interaction between metal ion and nitrosyl 
nxoup is enough to Cause the separation of bonding* 
nonbending and antibondiny orbitals to a large extant. 


In these haxacooxdinated complexes maximum symmetry 
expected is C 4y leading to a strong tetragonal distor- 
tion. Thus the ordering of these orbitals according to 
Fig. 1(b) is (2e)< (lb 2 ) < (3a)* The bonding orbital 
below * 2a' will accommodate the ligands electrons. 

Thus filling up of the *d ! electrons on the metal will 
start from »2e* level. Rationalization of the bonding 
scheme has been done mainly on tha consideration that 
the nitrosyl ligand is formally considered as N==C . 
This assumption is only to accommodate tha nature of 



the * -bonding which is vital to tha linaar mode 
mh coordination. From the valence bond picture, 



m- n-o 
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i angii 


Compound 


Junpei 
’ el act 


K 3 [vNU (CN) 5 ].2H 2 C 
K 4 [VNL (CN)g| ,H 2 C 
K 3 [CrNU(Cr0 5 ] .HgO 

K 4 [CxN0(CN) 5 ].2H 2 0 

!< 3 [P,nNL(CN) s ].2 H 2 0 

K 2 [r.nND(CN) 5 ] ,2H 2 L 

Na 2 ['FaND(CN) 5 ] .2H 2 

(Et 4 N)[FoNL(CN) 4 ] 

K 4 [r;oN0(CN) s ] 

(HP h 4 ) 3 [M0(CN) 5 l 


4ploNCt 


numbar of alactxons in ’ d* orbital 



bonding of NO to transition metal ions can be treated 
by savaral possible ways which are shown below: 



Hn<2 


Linear I Bent II III Bridging IV 

Keeping this view in mind it is worth mentioning that, 
the NO formalism in general is merely an useful cons- 
ruct and the oxidation state formalism and the electron 
neutral approach are not intended as substitute for 
detailed bonding descriptions. In this regard keeping 
the metal nitrosyl component as an Inseparable entity, 

(n =* number of * d* electrons present in the 

* 1 * 

metal ion considering coordinated NO a© NO ) nomenclature 

51 

is a practical approach. In this formalism the cyanoni— 
trosyl complexes may contain the electronic configuration 
^PlNQj n , where the value of n may be 4,5 or 6 which directly 
count the number of *d' electrons. Lbviously complex©© 
containing n « 4 or 6 will ©how diamagnetism and for 



n=5 paramagnetism with respect to one unpaired electron 
is expected. The magnetic moment values are presented in 


Fox the complexes containing d configuration, the 



spinorbit coupling constant would contribute in the 


measured magnetic moment value. The ©pin-orbit coup 
ling constants Tor no(I) , fin (II) and Cr (I) are -450 


which will 


the magnetic moment values a bit qreater than tha 


spin only value at room temperature. The observed 


<CN) S ] in solution gives tha v«luo oonsspond 


xsvealad the presence of linear Pi— NC group and thus 
the coordinated ND group can be regarded as NO , Thus 
infrared spectra of this series of complexes axe widely 
used to obtain the information about the nature of metal 


to ligand bonding . Although much is known about tha 
nitroysl stretching frequency that is the nature of 
ligand vibration, it is only recently that soma effort© 
are made to locate the associated'J(R-NO) and £ (F.-N-G)mode© 





would reflect more directly to the state o 


ligand bonding. The first meaningful work on thi 


ruthenium nitrosylhalo complexes down to ths frequency 


modes due to water and vibrations due 


from deducin',, the results oLtai 


S)(f -C9) is lower than cb (f-C-C ) . The seme order is usually 

obtained for ccmplexed cyanides, however, unequivocal 

15 13^ 

assignment of these vibrations require N and C sub- 
stitution data along with Raman polarization data. Son© 

1 5 

of the work on M substitution are dona by Riki and 


Using a linear three— body model, they assign 


couoxkers 








IB 

Toble~4 

Infrared spectral data of the cyan on it rosy 1 anions in the solid 


state (in crn )» 








- - - 

— 

• 

- - - 

- — — ** 

- - 

Compound 

^(CN) 

mm 

v{:jC) S{. r 

(-N-L ) 

S)(rUN) 

Rrf. 

|< 3 [v(CN) 5 N0}.2H 2 0 

2105 1 

20 B0 

1530 

«** 


22 

K 4 [v<CN) 6 N0] .H 2 C: 

2035, 

2100 

1 508 

631 

620 

10 

k 3 [c*(cn) 5 nu] .h 2 u 

2020 , 

2120 

1630 

612 

621 

35 

K 4 [Cr(CN)gNC] ,2H 2 D 

2095, 

2077 

1470 

627 

645 

35 

K 3 [rSn(CN) 5 ^o] ,2H 2 D 

2124, 

2129 

1706 

66 0 

660 

36 

K 2 [nn(CH) 5 Nn] 

2150, 

2100 

1665 

550 

628 

27,37 

N© 2 [Fe(CN) 5 NL] 

2144, 

mm 

1940 

663 

496 

34 

(Et 4 N) 2 rF„(CN) 4 Nt] 

2111, 

2122 

1755 

- 

- 

29 

K 4 [nc(dNj g ND] 

2120 , 
20 97, 

2106 

2080 

, 1450 

589 

604, 

595 

35 

(HF-h 4 ) 3 [i' o(CN) s Nt] 

2040, 

2023 

1580 

- 

- 

26 


«» 

mm mm • 


- - - 

m* *m mm 

— 
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the higher wave number band to the Fl-N stretching vibra- 
tion and to the lower one fi— N— 0 banding vibration in the 
lower frequency range* These assignments are definitely 
more realistic than the assignments done on tentative 
basis as presented in Table 4. The work of fliki and 
coworkera on cyononitrosyl met ell at as are summarized in 
Table 5. 


Taking representative example as ammine complexes, 
VC ;-NHg) , a ’single bond* -stretching frequency appear© 
much lower^ than those appeared for 'D(n-NC) inspite of 
the fact that the mass of the NO group is larger than 
NHg group. This represents considerable x -back bn ding 
in nitrosyl complexes (vide infra) * 

Civ) elec t ron ic . Spe ctra i 

Attempts to correlate the structural information 
with a unified description of the bonding in metal 
nitrosyl complexes formally remain not much of signi- 
ficance. This is due tc the fact that the inherent 


question, still, lias on the fact that where nitrosyl 
group is positive or negative which means how many *d’ 
electrons are present in the compound ? Till date we 



denot have any formal answer to this problem regarding 


the formal oxidation state of the involved metal ion* 


It is only in the first half of this decade that £ 
meaningful alternative description of the bonding in 



1.9 



matal— nit rosy 1 complexes© io davsiopod. This is originated 

from th© pion jering analysis of the structures of the 

triatoiaic specie© cf th© non-transition element® using 

45 

the correlation method by Welsh, which ucs first developed 

by Hund^ u and Fiullikon^ ’’ for diatcmic roolacula. Welsh * s 

study is concerned with triutcmic species which has only 

o and p orbitals in the valence shell o. tha atom and 

suggested that tha concept should be generally applicable. 

Fling os and Ibars F have first applied this concept to 

understand tha H-N-u angles in the metal nitxosyl complexes 

49 50 

and Hierpont and Eissnbarg and Fiingos ' have utilized 
thasa concept in attempt to interpret® tha geometry of 
the tetragonal nit rosy 1 complexes. In a six coordinate 
complex of PI— NU group, tha maximum symmetry is C 4„ ©nd 
accordingly the modification of the molecular orbital 
diagram fox the linear triatomic species HQ will change 
in f.hlLg symmetry as shown in Fig. 1. In the molecular 
orbital diagram (Fig* 1b) the orbital 3a^ is primarily 
localised on the M-stom of tbs NC ligand and is cr -bonding 
with respect to FiNl group# 1 he degenerate 2 & orbit ax is 



bonding with respect to F- and M and antibonding between 


and is nonbonding » Thus an HNU complex wxtn electronic 

o S 

configuration (3a^) 4 ”(2s)' has thxa® bending interactions 
between the metal and .-id group which is similar to the 


20 


backbonding conce t. Tha presence or absence of electron 

in the 1b„ orbital will affect vary little in deciding 

d. 

the nature of bonding of the FI— NO group. 

It is experimentally difficult to know tha ground 
state configuration of tha diamagnetic complexes in this 
series. However* e.s.r. technique has bean widely employed 
to investigate tha ground state electronic configuration 
of paramagnetic complexes* especially ][Cr (CN ) ,-NQ] . 

Though there is not complete agreement on th© inter- 
pretation of the e.s.r. data of this complex made by 
several groups* yet the successful explanation of most 
of the e.s.r. parameters is consistent with the assignment 
of the 2 p ground state expected from the electronic 

«C 4.1 

configuration (2o)^ (ib^) . Honoharen and Gray * using 
the information from the known crystal structure of 
Na,[F«(CN) 5 N0].2H 2 C assign the observed electronic 

transition of a serias of cyanonitrosyl complexes. Though 
tha agreement between the observed electronic transition 
energies, and the calculated one electron energies is not 
very good, yet the model they have used can accommodate 
a wide vuriet of experimental fact© is interesting. The 



obtained results of Flanoharan and Cray are shown in Table 6 



Tabla-6 


Electronic spectra of £d ( CN ) ,-N 0} in aqueous solution 

Observed Calculated . . 

maxima fax energies Band assignments 


Complex 


32,470 -1000 30,100 


37,470 -5200 23,260 


[Cr(CN) 5 Nt] 13,700 8 12*660 

15,380 —1*5 13,890 


37,300 1100 37,420 


3600 


Contd 


[fin (CM) gNC] 3 ~ 1BS20 

22.2 

14,700 

1 A 

A 1 


”*E (2b 2 -4> To) 

24,690 

«~60 

24,200 

1 A 

A 1 


(6& “4 7a) 

20,960 

111.4 

26,500 

1 A 1 

1 


(2b 2 -"4 3b^ ) 

37,850 

-4000 

37,770 

1 A 

1 


^ E (6e -A 5a^ 5 

42,550 

-4500 

41,490 

1 


h (6e -* 

45,450 

-5000 

40,470 

1 A 4 

1 


(2b 2 — > Ba) 

[pin (CN ) S NQ] 2 ~ 12,050 19 

7,820 

mm mm mm- m 

2~ 


2 E (6a -4 2bg) 

18,600 

20 

18,350 

2 

2 

* s "**J t 

* E (2b z 7s) 

25,%0 

1700 

26,170 

2 n 

2 

-4 

•i 

(6® «•**% 7cs) 

26,570 

120 

32,530 

2 

°2 


2 B 1 (2b 2 3b 1 ) 

32,280 

860 

28,830 

2 n 

2 

mm 

2 E (5a -•» 2b 2 ) 

37,030 

2400 

38,740 

2 r 

2 

-4 

2 E (6m 5a 1 ) 

48,540 

23000 

45,050 

2 B 2 


2 E (2b 2 — Bo) 

[Fe(CN) 5 NC] 2 “ 20,000 

8 

20,540 

1 A ■ 

1 

“4» 

h (2b 2 -4 7a) 

25,360 

25 

25,090 

1 A 

A 1 


(6b 7o) 

30,300 

40 

30,770 

1 A 

A 1 

— 

^A- (2b 0 ~~ * 3b, ) 

37,800 

900 

37,750 

1 A 1 

— 

% (6a •“** ) 

42,000 

700 

37,750 

1a i 

— 

h (6s - 3b,) 

50,000 

24000 

4,900 

\ 

— 

1 £ (2b t — Be) 


** «*, , 

W, «. ». 

** ** 



* see reference 22. 
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( V ) X-ray Riot o electron Spectro sc opy : 

The X-ray photoalactron spectra may ba used *Por studying 
the chemical bonds in the coordination cor, pond owing to th© 
tact that tha binding energy cb of the inner shell electrons 
depends upon the effect iv j charge q. The binding energies of 
electrons of tha atoms in chemical compound are usually cha- 
racterised by tha changes {shifts £ E) of these energies in 
the compound studied compared to the energies in the refere- 
nce compound, free atoms are often used as reference compo- 
unds. Under these conditions a postive shift corresponds 
to th® positive effective charge of the atom in the compound 
under study and the negative shift corresponds to the nega- 
tive chare e. Th e direct correlation of the atomic charge 
and the shift is a simplified procedure. 

The affective charge of tha NO group has bean discussed 

54 

for over two decades. ‘ This anomaly in this field is due 
to the fact that tha actual electron density distribution 

«§» mm 

is rather far from both limiting descriptions, NO and NO , 
and the absence of the clear cut physical concept of the 
oxidation state in this case may give rise to apparent 
contradictions . Tha oxidation states of the metal atom fox 
the sign of the charge of the NO group axe determined by 
evaluating how close certain physico-chemical characteristic 
of tha n it rosy 1 compounds are to those of the above limiting 
cases. These characteristics are sensitive to various aspect 
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of the electron density distribution so that the boundary 
between the N0“ and NO* cases depends on the characteris- 
tic considered and the problem concerns only the definition 
of the oxidation state concept rather than the measurement 
of a physically observed parameters. Thus the closest corr- 
espondence to the classical chemical concepts, for example, 
the oxidation state of a metal atom, may be obtained with 
such observable parameters which describe the extent to 
which the slactron density is drawn away from an atom or 
a group® 

Tha value for NO* in NOCIO^ is about 409 a 1 ' end 

406 eV is for tha neutral molecule. The extrapolation of 
the data for NO* and NO yield® the range of N^ r value for 
ND* in the vicinity of 402 aV* 

Co 

Folkasson ** started a systematic photoelectrcn spect- 
ral study for a series of a nit rosyl cyan o complexes. The 
result© axe tabulated in Table 7. The N* binding anerg- 
ie© for the cyanide group in this series reflect the 
observation mads by ^(CN) in infrared spectroscopy as 
discust ad earlier. Interestingly most of tha N^ s binding 
energy forth s nitxosyl group fall® below 402 a \/ and hence 
caiv be treated containing the nit rosyl group NO*. Accord- 
ing to the arguments put before, tha nitxosyl group in 
nitrop russida can be said to contain a formally positive 
charged N that is NO*. However, these data era insufficient 



in "tbs ssnsa "that they do not say anything about tha 
binding energies of tha metal alactrons. A comparison 
of a series of a particular matal in its complexes con- 
taining different oxidation states having the same coor- 
dination number would have bean more useful in assessing 
the charge distribution. Furthermore, tha ESCA data of 
© nit rc sy 1 cyan omst si late ions in its consecutive reduced 
or oxidised form, as in soma cases it is formed, would 
supplement tha study. Tha first point of tha above views 
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has been studied by Nefedov where he compared the 
F @ 2 p 3/2 enax 9 ies ir > Najjr e(CN) g NQ] , K^fre (CM) g] and K^jVa £CN) * 
These data ora presented in Table 8. along with the data for 
Fa (h -CgHg) n . Tha trend in Fa 2 P^/2 accoxd i n 9 to the above 
table suggests that iron in nitropruaside is in highly 
oxidised state compared to even that in K g [Fa (CN ) g] meaning 
thereby the formal oxidation state of iron in nitroprusside 
would be IV. Furthermore in tha absolute sense the N 

1 ® 

binding energy for NC is even lower for the neutral NC 



,e even 


in nitropxusside should be treated as NO 


have been made by Sarkar and Hull or' 


molybdenum. This has bean done on tha ground to observe 


bin din 







SCA data of soma of the cyanonitrosyl complexes 


ompound 
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T ab l.e—S » 

Binding energies (aV) of some iron complexes 


Compound 

Fe 2p 3/2 
(aV) 

N . ML 

1c 

(eV) 

Ref 

Fe (h 5 —CgH g) g 

70S .0 


55 

K 4 L Fe(CN) 6l 

708. B 


55 

K 3 !>*( CM) 6l 

710.3 


55 

Fe [Fa (CN) gNO] 

711.3 

402,6 

55 

Na 2 [F0(CN) 5 No] 

711.0 

403.6 

55 


HfltfMI 
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of molybdenum al on 9 with N* binding energy of coordinated 

I ® 


NC. For a redox reaction ^FioNCj n . — ffioNC| ^ n "“^ 

(n = number of dl electrons) the overall electronic 
distribution in (fioNO) moiety will change. The ralaasa 
of an electron may takes place (a) from the molybdenum 
ion, (b) from the nit rosy 1 ligand, (c) an inseparable 
withdrawal of an electron from both the centre© that is 
from FIND group. From the crystallographic data of 

[floNU ( -N) 5] and (Ff'h^ } [FloNb (CN)gj .2H 9 L {vide Table 2 ) , 
It is known that the F!o~N bond in the oxidised species 

C it 

\noUQ] is shorter than that of the ^noNQj. group contain*- 
-ing compound. This shortening is due to a stronger F.oNC 
attachment in the former species than the latter* The 
stronger attachment can only be visualised by the 
increase back-donation from Flo — y HO, leading thereby 
accumulation of more electron density on NCI. The 
observed trend presented in Table 6 justifies these 



argument® 


overall no electronic change of the cyanide group© 


ant as co— ligand in both th© complexes 


first demonstrated by Wilkinson and cowoxkax® 


They used the Folarogrcphic method of reduction and 
could not be able to isolate the oxidised product at 



29 

that time . Few years latter, Griffith using same method 

have been able to isolate' [CrNL (C 'i ) g] 4 *". Cotton and co- 

uoxkars have isolated the oxidised product (one electron) 

of [nn(CN)gN0j ~ using bromine or nitric acid as oxidising 
27 

agent, Tha axtrastability achieved by coordinated nitric 
oxide for a particular metal can ba seen from tha isoel- 
actronic redox systemfor the manganese complex ( Table-9). 

Table -9 » 

Standard electro da potential 


Couple 

E (V) 
o 

Reference 

[CrN 0 { Cr ! ) 5 ] 3 "7 [CrNO(CN) 5 ] 4 " 

—1 .14.6 

58 

[Fin (CN )g] 4 “/[Fln(CN) 6 ] 5 ~ 

-1.06 

59 

[fin ( CN ) gNO] 2 “/ [bn ( CN ) gNu] 3 “ 

+0.597 

60 


Tha nitroprusside analogue o ' rhenium shows reduction 
which is a rcvsxsiblfe one as may be expressed: 
[Re(CN) 5 NL] 2 ~ + ©~ «««.««& [Re (CN) NO] 3 ~ 

Jakob and coworkers studied quantitatively one electron 
oxidation of [P.o (CN) r N0 j 4 ""* which is a reversible one, 1-2 
However, several attempts to isolate the oxidised product 
failed and it is only xacantly [fto ( CM ) gNO] “ ha© been 

g f, 

synthesized and charactri©ad.“ A comparative study 
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of the slactrochemistry of [Fe (CN ) gNC] at NO*’ itself 

63 

has been made. The nitrosonium ion shows three redu- 
ction waves and these have been interpreted as the 
formation of NC in the first stage which than dimerized 

2— €t 

and reduced to in the second pit of reduction. 

The third phase corresponds to three electrons reduction 
of NO into NH^OH. The [Fe ( CN ) gN d] anion first undergoes 

reduction to [Fa {CN } ^NO] ' J “' which undergoes either proto- 
nation and reduction via second wave or formation of the 
complex [Fa (CN ) g (NH-GH)] ' "*. Polarographic reduction of 
nitroprussida yields [Fa (CN)^ (NO )] t ‘“ which has bean 
isolated by the used conventional chemical method.*^ 

This isolation demands a reinterpretation of the earlier 

64 65 

electrochemical studies on nitroprussida anion."' 9 " 

(vii ) Electron Spin Reson ance .Studied? 

Host of the work in this field .is related with the 

3* ta * s 

investigation of e.s.r. spectrum of [Cr(CN),_NGJ "[Several 
groups' have triad to interpret spectrum but there 

is not complete agreement on the interpret tion of the 
observed data. The important experimental results may 
be summarised as, an outcome of these investigations, 
follows i (a) ths * g*- and chromium hypsrfina tensor 
have axial symmetry, (b) the nitrogen hyparfine tensor 
has slight deviation from axial symmetry which may ba 
comparable to the deviation observed fox the CrNC group, 


: 



(c) tha nitrogen hyp erf in a tensor is highly anisotropy 
and gtt 4. gi. • 

The e.s.r. paxamater© for other haxa— coordinated compl 
exss of the family [ur (NljLg] ' 5 ’" d3 are as expected and 
depend on the electronegativity of L. The ' g * value comas 
closer to free electron value when there is more delocali- 
sation. This is also reflected in NO stretching frequency. 

The acid hydrelysis of [Cr{C;') g N0J ha© been foll- 
owed by e.s.r. method^ ^ 3 by which it can be shown that 
tha successive replacement of cyanide groups by water 
takes place. 

Soma time© s.s.r. spectroscopy con af firmly predict 

ths stereochemistry of a complex. This has been exempli- 

fled by the study of tha oxidiced species, [fo ( CM ) Nl.Q 

26 

which was not isolated at the time, ' but tha e.s.r. 
parameters obtained for the oxidised species in the 

6 

host of Kg [Co (CN)g] support© the formation of parent d 

disRJBgnerfcAc' complex b© ( uN ) gN u j xa’thax 'then 

f foCNl') (CN) r ( 0H)_] 4 ~ f which was latter verified by X-ray 

k* ifc 

studies* 

r Omm 

Tha e.s.r. studies on [fin (CN ) gNOJ ha© bean studied 
in detail 84-87 because of tha interest in the ordering 
cf the energy level in tha corresponding Cr (Ijand Fa (I) 
complexes. There is controversy existed to attribute 
tha spin density on the Nt group, whara one group believe 
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this due to spin-orbit coupling whereas the other group 
feels that the spin polarisation mechanism is most 
likely. 

Surprisingly Y-radiaiicn of the diatomic Kg [fn (CM ) g 
NC>] produced the oxidised [fin (CN) gNO] “ species by 
simple electron addition whereas nitroprussids loses an 
electron on irradation. 


C. REACTIVITY OF CLOHDINATED NITHIC CXICE : 

The study of the reactivity of the nit rosy! complexes 
compere to the carbonyls are scare. This is due* to the 
fact tha coordinated nitric oxide is vary firmly bound 
urith the metal and a ligand displacement reaction® ax® 
not found so commonly a© these happen readily with the 
carbonyls. Due to tha enormous studies on the car onyle 
having industrial significance, in recent years many 
facets cone rning tha reactivity of nitrosyl complexes 
have amor, ad. Two thing© axe of prime importance in 
those stadias. Tha first one is to dsal with tha ©nvir— 
onmental pollution caused by nitric oxide and tha second 
one is the development of newer catalytic system of 
industrial applicability. 

The reactivity of coordinated nitric oxide falls 
under the following categories. 

(a) Nuc leoph ilic AJj^acJs* 

This ic tha most widely known reactivity of nitresyl 
complexes which can b® classically exemplified by the 
following reactions 

[Fe (CN)gNCl +2 lH** 5 ?=* =- [fa (CNjgNQg] ^ + HgO 

MD + + CH ^ssasa:^ Nig + H • * • ( 2 ) 

The equilibrium constants for the above two reactions 
ars 1 .5>:10 C and Z.SXIO^ 1 xaspectivaly which is suggestive 
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HP* 

enough -to infer -that tha coordinatad HO is a much weaker 

electrophile than free C + # The corresponding ruthenium 

m 88 | 8 9 , 

and osmium analoge© behav/a similarly# A number of 

reactions are known where a lot of nucleophiles have been 
used instead of GH~ and the general reactivity is of the 
same nature as shown below: 

PhHH 3k 4 NQ + — *>PhNH 2 + + HgO (iii) 

[Ru (Cl) (bipy ),, )] + PhNH^ - — — 

O* Qfl 

[Ru(Cl){bipy) 2 (N 2 Ph)l + H 2 0 yU .. (iv) 

91 

[Ru(NH 3 ) 5 N0] 3+ + nh 2 gh — -»[Ru(nh 3 ) 5 h 2 g] 2 ' , '+h 3 o + (v) 

The formation of novel intermediate entities using this 
type of nucleophilic attack has been demonstrated by 
Bottomley and coworkers^ * ' which is shown below: 
[Ru(HH 3 ) s (NL)^ 3+ + CH~ [liu(dH 2 )(HH 3 ) 4 (NO)] 2+ +^0 

[Ru(HH 3 )g(N0)] 3+ + f(Ru(NH 2 ) — — * 

f [f*N ( n H 3 ) 4 RuNH 2 (Q)NRu(NH 3 ) 5 ] 4 c±s-[RuOH (Nt^J^NO] 2+ 

+ [Ru{NH 3 ) 5 N 2 ] 24 ' +H + .. (vi) 

Uhan NT is used the react icn may be depicted as below: 

3 

f HuCl (dipyJgNO] ^ 4» Mg { dipy ) gS'J *^2 * ^ 2 ° 

wh era 5 indicates a solvent molecule# 

The formation of the labile [ EuCl (dipy ) gS] * has been 

synthetically exploited for preparation of [RuCl (bipy)X] n * 

94—98 

complexes where Xis b monodsntat© ligand# In a 
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-i: 




similar reaction with diaxsin® compl ox f the isotopic 1 avail- 
ing give e* idenca fox attack of at coordinated NO with 
the formation of a cyclic N.O intermediate as: 

r / Q \ i* "" 

[ RuCl { drere Cj * Ng — Cl (dlasnO.Ru— --N 


?1~ ,„N 


[ci(diara) 2 RuN 3 ] + N_ ♦ N.X^, . (vii) 


C b ) iiP^tj£cph41ic„A$t%gi s ; 


Dy the modo of attack it is evident that the activity 
cf tho coordinated NO would be associated just in the oppo- 
site diraction a© encc unterad earlier. 

This attack i© theraforo associated with the nit rosy 1 
comp lax as where the f ■— N— C group is bant or in other ward* 
tho nitxc&yl group contains formally N : . **, Tho extent of 
p catenation on this group copend© on tha formal oxidation 
stats of tho isotal ond the trend© observed are shown below: 

i ©CCD (CC)(NC) (r . h-)- ♦ n ci l®{ci) (d } (nrr:) ( s tO„(iI # ci 7 * 


» * « { viii) 



Tha above cited nucleophilic and electrophilic attack© 
sug act a broad division like tho linear -N- grpup conta- 


ining NO should be unstable in alkaline medium whereas the 


bant f)~N*»Q group containing NO*" would be unatabl© in acidic 
medium* From tha synthetic point of view* the cyancnitrooyl 
conplaaao prepared in acidic raadiuts (vido supra) chi ulti bo-' 
hays like nitroprueeltia cnion and which ie infact found to 
be true* Contrary to this, the eyaunonlt rcsyle prepared using 
alkaline hydroxylamina method, though somewhat unstable in 
acidic medium, donot contain bant nit rosy 1 group (vide supra) # 
Nevertheless, it has boon demonstrated recently that complex©® 
cwntoininj the same moiety can be isolated in alkaline and in 
acidic madia as wall* This once more reflect© our lack of 
understanding ©bout the variation of actual ®". ectrrn density 

in the linear n-N-0 grpup. Attempts ora being mads to .answer 

101 

this uncsxtainity, however, a complete answer i« still 
unknown* 

(c) Red uctio n .anci Oleg rope rt ionatijDn s 

Ae described earlier (vide eupro} that one electron 

reducti n of [Fe(CN)gM(] gives brown [(Fa ( CN ) g t4{ ■] J ~which 

ultimately affords |]Fa(CN)^No] The recucti n of ^Fe A * X N?3j sS ’ 

* H X "7 

moiety ha© been explained to proceed tc |F a J, N ]■ so inter— 

mediate in the brown complex which ultimately change© to 

{Fe X N *} 7 » 102 The reduction can com* only occurs at the 
103 

metal centra end there are scam example where reduction 

104 

takas place cn the co-ligend sites. In nonp retie media 
multialactrun reduction of [Fa ( CN ) g N ?] 2 *” gives ] >*© ( CM ) g i i ] 3 *% 
[F & (CU) 4 nQ d " 9 [Fa{CN) 4 Ni] 3 “, [Fa(CN)jN> J^andfmCCNjgN ] 4 ~. 
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Using dispersed platinum metals oxide £x m&tal gauze 
as catalyst, the reduction of NO to either ammonia or 
dinitrogen has been achieved. This heterogeneous rocu- 
eticn is used in treatment of automobile exhaust gas pollu- 
tion.®^ 0 Using some rhodium and iridium nitrosyl and carnonyl 
complexes mixture* of NO and CO may ba disportionatad into 


0 bond 


It is long known that 


sentative example 


ZnK_ -i* a m- — *» j 2 ' ' 

*- ' ' 1Q9 

other transition met ale hove been used similarly . 

Recently it has been demonstrated that though a 

coordinated nitrcsyl ram-ins intact, yet it can activates 

the metal centre so that dimethylformam Ida can be bonded 

110 

*fco *ths metal && GGxbsm&d© moiety# 

The use of dinitxosyl molybdenum derivatives have 

been made fort ha olefin metathesis reaction involving 

the intarmolecular exchange of alkyl idine units between 

111 112 

alkane via cleavage of C=C bond as cocatalyst . 

A vary useful synthetic procedure has foaen observed 


where coordinated NO may be transferred to tha othe: 
metal, for example, 

[ Co(NC) {ariGH} 2 ] + [Feul 2 (hfh 3 ) 2 }-”->[Fe(NL) 2 { I r'h 3 ) 2 ] 


+ other Product 



Ring s-trained olefin ir 


hewn below 


product. 






comparatively 


ic configuration is vary po oxxy s-cuoisu wau. 

ir reactivity and substitution reaction©. As a max 

exs l outlook, fat tho fast davelopmant of tho nitrosyl 

6 

nsistxy contai *ing electronic configuration d and wore 
© on the theoretical interpretation regarding the 
j. j4„+,<K,,+.< nn in the PJNO moiety* This is due 


D. SCO.E Of THE WORK 


The synthesis* bonding and reactivity of the nitrosyl 
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to the fact that on populating electrons in the antibending 
orbital (vide supra) cause destabilization of the bonding 
between metal and nitrosyl centres enhancing thereby the 
reactivity of the coordinated NO group. Keeping these 
possibilities in mind different substitution reactions 
w@ra carried out by changing the substituent coligand to 
get slight modification of the electronic distribution in 
tha (f'INO) group depending on the nature of .-—donor and 
■ft -acceptor capabilities of the substituent ligands. 

These manoeuvring some time© lead to restrict the un— 
controloble reactivity of the coordinated NO group or 
tha reverse. 

Fro® the view point discussed above* it is obvious 

6 

that the nitrcsyl complexes containing d electronic 
configuration do not feel any destabilization of that 
nature as the highest occupied orbital is nonbonding. 
However maximum studies on this electronic configuration 
wars made on two grounds. Firstly from the theoretic©! 
consideration this electronic configuration can act 
soma sort of a, bass line fro® which a comparison can bs 
made for the others containing more number of d electrons. 
Secondly* it is of merely coincidental that nitrosyl 
complexes of this configuration already sxistad long 
back by tha celebrated example of nit ropru said® and 
easily recognized a class of nitrosyl ruthenium chemistry 



'Ubstitirfcad introy 
portad. A® acid ! 


8no ■*»» oy poxaxogrephy and optical spectroscopy 
would be of interest to sea whethar the different 
ation products can bm isolated using nitrogen donors 






like o~phsn» dipy, Qu, py and picclines. This -type of 

nitrosyl derivatives ars mostly known with the rut hen- 

6 c 

iura complexes containing d configuration. As d Cr (I) 

5 

arse’ d Ru(II) complexes contain the highest populated 
orbital of non bon ding nature, a comparative chemistry 
in light of bonding theories would be interesting. 
Furthermore using other donor atoms containing ligand 
like acetylacetone cr dithiocsxbsnifite, the relative 
chemistry can be explored. 

From Table 10, it is evident that complexes con— 

*3 * 

taining (CrNL )* moiety are mostly of the cationic type. 
Anionic complexes is restricted to only on the prepare— 

•"SI 

tion of | Cjrf'JL (CN ) g|" , It would be of interest to sea 
whether other anions of different comp 1 exin g abilities 
can be synthesized or not. The study of a series of 
this type of species, if possible, would open a nay 
way to monitor their complexxng abilities using e.s.r. 
technique • A parallel chemistry of the recently repor- 
ted [CrNO (Cr i ) g] ^ ^ w thu« can be mode in detail. Besides 
ncnalectrolytic type of complex®® containing (CrNO) 
moiety is unknown. An attempt in this synthetic app- 
roach would be interesting the scope. 

The complexes thus synthesized would require an 
attention of reactivity which can be dealt using diff- 
erent physicochemical techniques already in existence. 
Thus © correlation can be made on the changes noticed 
with the help of existing theories in bend. 
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flNGj l Coordination 

n = number of * d* } number 
electrons l 


l Relative chemistry with 
} representative known 
i apacias 


6 and 7 Poorly known [\/NG ( CN } g] 

[VNO (CN) i] 4 ” 


d With CN group 


Without CN group 


known 


Poorly known [CrNC (CN ) 


d With CN group 


Without CN group 


Piodexatsly known, containing 
fCrNQL/l 2 * 


Wall known, [FaNt! (CN 
and it© derivatives 


d With CN group 
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Poorly known, j-'tNO (CM 5 


d With CN group 


S end 6 Widely known, [CoNO ( ,NH^) 

fnnNu(c(,) 4 ] [co(nl)l 2 x ] 


Without CN group 


Unknown 


d y With CN group 


fairly known, ff@ (NO) 
fCo (NO) (L) (SR ) ]- 


Without CN group 


Poorly known, Kg fNiNa(CN) ^ 


Host widely known, [r,n{N0) 3 L] 
Fe{i 0) 2 (C0)L] ; [Fe(Nn) 2 L^ , 

Co(N0)(cn) 2 L], [NKNi-.Jx^ , 

Ni{NC)t 2 (X)], [Fe(MO) 2 (RNC) 2 3 


Hath out CN group 




iliis 
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RimewTA 


A- ANALYSIS IF THE CCNbTITUENT ELEr'iENTS 


Nitr ogen 

yhean the compound contained thiocyanate group os 
ligands like o-phanant irolina, dipyridyl, ate, , uhan a 
tertiary nitrogen uas a member of the ring » the nitrogen 
content was determined mi cr analytically by Duma* a method 


Car bon a nd Hyd ro ge n s - 

Carbon and hydrogen present in the sample 


itimation of Chrom ium s 


For the estimation of chromium as chromic oxide, 


mpoead by heating with alkali ft 


mpounds wax - ® da 


llowed by dissolving in nitric acid. Chromium was pracipi 


tat ad as chromic hydroxide by meurts of th 


of dilute HH.UH, Tha chromic hydroxide 


whan ignited was converted into Cr^U^. Repeated heating* 



and weighing wore carsia 


constant 


E stimation of S yljajlMJP 

An aqueous suspension of the chromium complex 
containing sulphur ws® treated with bromine water and 
the c lution was heated cn a water bath f cx complete 
oxidation, Oigeetim was continued till the solucii n afear 
evaporation of the excess bromine became perfectly cclr. ur- 
Icss. The solution was than acidified with dilute HC1 and 
-tha sulphate produced was precipitetad by addition of B acl 2 
solution and estimated aa usual. 
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B—r ft 


iEPAKATlCN AMO i - HO PARTIES Ur THE COOP 


Bsss®ja£ft 


Reaq ants used fox example, chromium 


tri oxide, hydxoxylmminahydrogenchloride, potassium 
hydroxide, potassium cyanide and ligands v are of 
analytical grade. Deaerated water was us-ad in all 


' ope rations. 

p rraparrti -. n of P otas si uro . Pt 
h ydrate , jjCrw 1 { CM j g J • H 2 v 


; acy anon it r Pi 


ir mate (H- 


Potaasium salt of 


pentacyanonitroaylchxoiBate (I Jmonohydxate was prepared 

according tc the procedure cf Griffith, Lewis and 
wilkinson ^ y and was characterised by elemental ana- 
lyses and infrared spectroscopy . 


Found i 


K, 33.8? Cr, 15.1; C,18.05; N, 24.2; ^0,5,1%. 
K 3 [CrNG (CN.)g] .HgU requires K,33.8; Cr, 15.1 j 
C, 17.3? N. 24.2; H_L, 5.2%. 


umiurnCll., 


B— 1 t rap aration.. 


[c»T4C(CN) 2 (dipy)] *- 

Into a filtered aqueous solution 
(20 ml.) of potassium s. It of pantacyanonitroaylchxc a- 
ts(I)hydrate (1.5 g),a solution of dipyridyl (0.75 g ) 
in ©cstic acid-watax ( 1 * 1 , 10 ml.) was ad -ad. The 
resulting solution w&® warmed for 10 min. and diluted 
vith 30 ml. cf water when a greenish yellow solid preci- 
pitated. The resulting mixture was freed from liberated 




lcohol and ether and dried 


had with water 


to s constant weight and analysed* i he yield b 
pentacyanonitrosylchromata ( I ) was 80%. 


Found * 


solid started tc precipitate* A"ft#r t n a total addition# 


the liberated hydrocyanic acid was driven off in identi- 
cal fashion as described ear . iar, and the precipitate 
was filtered off, washed with water, alcohol, ether and 
dried in vocuo. 

Found s 

Cr, 16, 7| N, 22.3s C, 53.5; H, 2.7% 


[CrN0(CN) 2 (o-phen)] require© Cx,16.6; 
N. 22.3? C, 53.5; H, 2.5%. 
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['reparation of dicvanodi (pyridineJnitrooy ..c hrom ium ( J j , 

[CrNC (CN) 2 (py) 2 ] 

A fi tiered aquaou© solution (25 ml.) 
of potassium salt of pentacyanonitrosylchromat 0 ( I ) hydrate 
(2.00 g) woe added into an aqueous-acetic acid {1*1*15 ml.) 
of pyridine (2.5 ml,). The resulting green solution %#as 
immediately diluted with air free water (100 ml. )and the 
mixture was kept in warm condition. Carbon dioxide was 
allowed to bubble t rough the solution to chase tha lib— i 

©rated hydrocyanic acid when a yellow solid was started 
to precipitate# After two hr©, tha precipitation use 
completed* which was filtered washed with water, alcohol 
ana ether and dried in vacuo* 

Found » 

Cr» 17.fi ; N, 24.1 5 C, 48.9? H, 3.6% 
jCrHO (CN)^ (py)gj requires Cr»17.8 j N f 24*0 j 
C, 49. 3f H, 3.4%. 

Preparati on of dicyan obi a (quinoline ) nitrosylch r; .mium ( I ) * 

CrNti (CNjgiQuig J*~ 

The complex was prepared by following 
an identical procedure described in the preparation of 
the corresponding pyridine complex just by replacing 
pyridine* with quinoline and the passing of C'i^ was 
continued for a period of 6 hr®, to gat the yellow col- 
oured complex. 
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He?. . I wmm&ii 


Found t 

Cr, 13.1? N, 17,7; C, 61.0? H * 3.6% 

[CxNt {Cf^^CQu}^] require© Cr, 13*3 ; N , 1 7 • 9 * 

C # 61.2? H, 3.6%. 

i- reparatio n of dicv anodl (?^icolin^nitros^lchjrpj;.ijffliil) , 
CrNQ(CN) 2 (P»picolina) 2 

A somewhat identical proce- 
dure was ■followed ns described earlier for tha p rap oration 
of t .is c-mplex replacing pyridine by p-picoline. 

Found ; 

Cr, 16,2; C, 52.4? N, 21. fl? H, 4.3% 

[CxM 0{CN) 2 {P-picolin©}^] require© 

Cr, 16,3? C,52,5? N, 21.9? H,4.4%. 

? reparatio n of dicvanodi (Y -pi c p l jpa ) nitroj 


Fcr iO (CN } g (V—picc lineJjJ 


This complex waealeo prepared 


by following an identical procedure described in tha 
preparation of the corresponding pyridine complex just 
by replacing pyridine by y — picoline. 

Found i 

Cr, 16.2? C, 52,3? N, 21.7; H, 4.3% 

2 

C, 52.5? N, 21.9? H, 4,4%. 
i repe rties. of the cya n p__s ubst i tut ad cojig . lg jies , 

[ Cr.. 0 (CM) g i- 2 ] 5“ 

All the cyano substituted complexes 
axa obtained a© yellow highly dispersed solids having 
slight green tinge. They are exceptionally ©table in 


(Y -picoline) 2 1 requires Cr, 16.3* 


[CrMO(CN) 


air and remain el most unattached in dilute acids or 
alkalies and decomposed only cn warning. Thermally 
■fchsy hies also stable and do not snow any melting or 
decomposition upto a tamparatura of 250cC (Table— 11). 
.-11 these complexes axe slightly soluble in acetoni- 
trile being insoluble in other common solvents. Lig- 
ands cf good donor capacity like pyridina* dipyridyl 
or triphanylphosphine could not be accommodated in 
the sixth position even under drastic sadad tuba 
reaction. 

•®aiad tuM^, ' no chang8 , 
sealed tube 


r- ... _ tiaiso ~OUJD® v 

[CacNC (CNjgLgJ + excess py S 

jCrNO (CNj^L^j + excess dipy 


no change. 


saslad *t&ib© 


[C*NL(CM) 2 L 2 ] ♦ excess pph 3 no change. 
Attempts to methyl at « the cyano groups in tha cyano 
substituted compounds using (CH3 ) 2 20^ 02: ^ 


seal ad tub© uiii unsuccessful# 

Sealed tuba 


[CxN0(CN) 2 L 2 ] + CH 3 I 
i" * y "i i % \ f— *"* S a mmi © d 't u fci© 

[cx«l(cn) 2 l 2 ] *(ch 3 ) 2 so 4 


no change, 
no change. 


f: ethyl at ion re act i r» was also found to be unsucce- 
ssful whan it was carried cut using CH 3 I with Hgl 2 
in sealed tuba. Thougn the products isolated in 
these reactions snowed the presence of raethylisocy- 
anide retaining nitrooyl group yet they appeared to 
contain some decomposed product or un re acted start- 
ing compound. 


[C*Nti{CN) 2 L 2 l 4* CH 3 I + Hgl 2 Saa Ied tu bl> _ ^ partial 

dec c mp o ©it £ a r» 
with no change* 

Tha molar conductance values of practically 
saturated anlydrous methanol solution (W Ft ) of 
these cyanonitr : ayi camp lex 3 © (Table-11/ »ug eot 
their nonelectrclytic nature. 

B— 2 i rep a ratio n of . bis | scat yl acat on . -t o ,. )nit rosy lchjccKUMjp (IjU 
[CrNC (acac) — 

The complex wo© prepared by refluxing 
a mixture of Kg^Criiu (CH ) g ] (2.0 y) and excess acetyl acetone 
( 6 ml.) in an air tight compartment with an intermittent 
removal of the liberated Hydrocyanic acid by passing dry 
carbon dioxide • After xafluxing for 8 hr© * , tha axcaas 
ecatylacatone was distil ad off and the result ant 
mixture was ccolad in vacuo over solid KlH • Trace© of 
fra a acstylacatcne ware ramoved from the cooled brown 
rasa© by repeated was ing with petroleum ether and brown 
crust u©s extracted with acatona, In evaporation of 
acetone* the solution gave brown crystals which were 
washed with petroleum ether. The crystallization pro- 
cess was repeated thrice. The crystals thus obtained 
wars dried and analysed. 

Fo und s 

Cr, 18,6s N, 5.0 ; C, 42.9s H, 8.32ji 
[CrNQ (acac)^ requira© Cr, 18.6? H, 5.0 ; 
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gppe g yles : - 

This nonelactrclytic nu nomaxic ccmpJ ex 
(TafaIa-11) is sc lubls in most of the cons on non— polar 
organic solvents but insoluble in water. Its stability 
is comparable to that of Cr (acac)^ ©a it remains ur«~ 
affected by concentrated alkalies ox mineral acid© in 
cold and decompose© only on prolonged boiling. This 
complex does not show any interaction with at hand 
suggesting that solvation does not taka place at the 
sixth position. But when it is refluxed with traces 
of pyridine in ethanol* pyridine ©hows interaction at 
the sixth position and this has bean demonstrated by 
a • a . X' • spectroscopy (vide infra), 

B-3 £rapar^jy^n.j^f,, 

nitn.svlc re- Lu m (I } * £crN l» { uTC } 2 £ * *2 U ; 

1*0 g of 

p ct as slump ent ecy anen it r o sy 1 c h remote ( X) dydrata was 
dissolved in 30 ml. of water and into it an aqueous 
solution of diethyl sit liscarbomata (1,0 g } was added. 
Into the m xed solution 10 ml. of (1:1) dilute acetic 
acid was ©lowly added with stirring and the issuing 
gas was chased by a current of carbcndioxid®, whereby » 
reddish brown precipitate appeared which was filtered 
undar suction* washed several times with water. This 
pracepitate is now extracted with acetone and the red 



brown compound was precipitated by addin- petroleum 
other, washed with petroleum ether, dried end analy- 
sed, The yield was approximately 35%, 

Foun d s 

Cr, 13.2} C, 30.1} N, IO.Sj H, 5. 5(5% 
[CrNC’(DTC) 2 (H 2 0)] raquires Cr,13.1 } 0,30,3} 

N, 10.6} H, 5.5%. 

Pr operties : — 

This complex is soluble in alcbhol, 
acatona and acetonitrile to impart orange red colour 
and in mat hand the complex is found to be non-elect- 
rclytic in nature (Tabia-11 } , 

B-4 Prap ar atl.crL._ of diiaothio cysnat odi pyridylnitronvl^ 
chro m i u m Cl) , ]_ C rN U ( N CS •) ^ ( d ipy ) J s ~ 

1.0 g of potassium- 

c roraats and 3»fi g of potassiumthiocyanata was taken 
in a beaker and 40 ml* of water was added to dissolve 
the mixture. 1,0 g hydroxylefminahydroganehlori.de was 
slowly added into the solution with stirring. A vigorous 
reaction sets in and edition of hydrcxylaminshydxogen- 
chloxid© was cautiously dons to control tha temperature 
(further addition leads tc the expulsion of Nl } . After 
the addition of hy droxylaminehy drey anchl era de tha 
reaction mixture was stirred at room temperature fox 
an hr. and any grey colour precipitate was allowed to 



Compound 


Greenish 

yellow 

Greenish 

yellow 

Yellow 


Brownish 

yellow 

Greenish 

yellow 

Greenish 

yellow 

Brown 


Reddish 

brown 
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dissolve by adding drop wise dilute acetic acid. To 
the filtered green solution, 0.78 g of dipyridyl 
dissolved in dilute acetic acid was added, a khaki 
colour precipitate appeared which was stirred f'sr 
an hr. at © tempr.jratuxe around 90c and filtered. 

The precipitate was washed several time© with dil- 
utes acetic acid, finally washed with water, dried 
in air and xacxyetal -iaed from methane!— petroleum 
ether. The yield was approximately 45$. 
found : 

Cx, 14.6s C.40.5; N, 19. 7 I H,2.1 * S, 10.1% 

[CrNG (NCSjg { dipy)J requires Cx, 14. 7 i C,40.7* 

N, 19. Of H,2.2* 5, 18.0%. 
iso 

Prepare c f o^bhi ocyan a toortho-ph ananth roli ne— 

nitro sylchromlum ( J\, [CxN L (NCS } y (o-phon ,"] * - 

The 

corraspcnding o-phenant •.roline ccrap . ex was prepared 
analogously as described above just by raplacing dip- 
yridyl with o-phenant b rc l in e * The olive green roexy- 
stallieed compound’- wee analysed. 

L£M}A,J 

Cx, 13.6s C, 44 . 2 * N, 18.3* H,2.1 * 5,16.8% 

£CxNi~ {NCb)^ (o-phan)] requires Cx, 13.8*2,44*4* 

N, 10.5* H, 2.1* 5, 16.95«. 


P r eparation of ^djisoth i ocy.aivtp.riip.ysl r i^lnejn itrgs.^- 

chromium (I), [CrNt (i.CS ) ^ (dipy) (py)j s — 

About 0 » S g of“ 

d^ithiccyanatodipyridylnitxosylch romium ( I ) wee dissolved 
in 15 ml* of acetone and 1 ml. of pyridine.., was added in- 
to it. Tbs scluti n was rafluxad fox about 2 hrs. on 
water both with positive pressure of tbs inside solvent 
vapour (usi -y a pool of mercury) and the resultant solu- 
tion was vacuum concentrated . The product was isolated 
from the solution by adding petroleum ether as yellow 
solid which was recrystallised from acatonepetroleum 
ether mixture. The yield was approximately ?S&. 

Found s 

Cr, 11.9| C.47.0; N, 19.2; H, 2.9| S, 14.6% 

[Cartel. (NCS)^(dipy) (py)J requires Cr, 12.0 ;C # 47. 1 j 
N, 19.4; H, 3,0} 5, 14.8%, 

^re para tion o f diisrthiocyanatoorth p -phan anthxolins- 

py ri dinenitrosylchroroiurn ( 1 ) , £CrN u ( N C S ) . { o— p h e n ) { p y )J :• 

The o-ph enanth xc line analogue of the previous compound 

was prepared analogously just by taking 

xtho-phananthrolinanitrosylchrcraium(I) instead of 
iso 

d^t hiocyanato dipy ridylnit ro sy lchromium ( 1 ) as described 
our iar. The yellow reprecipitated compound from sca- 
t on ap-p at rnl eum ether mixture was dried and analysed* 


is o 

d^thiocyanato* 
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Cr, 11.3? C, 49. B, N, 18.2? H.2.7; S» 13.9^ 
[CrNC (NCS) ? (o-phan) (py)] xaquiro© Cr, 11 .4? 
C, 49.9? N.18.4? H, 2.B? 3, 14. 0>. 


Properties if t h i o cyanate fufagtit utaji coroplex est- 
The thiocyanato substituted complex®© are greenish 
yellow to yellow in colour and axa highly soluble 
in a : cohal and acetone. Alcoholic or acetone solu- 
tion of these complexes impart greenish yellow colour 
and addition of mathanolic silvernitrote dee© not giva 
any immediate precipitation but on standing silver is 
deposited. The molar conductivity of [CrNQ (NCSj^Cdipy)] 
and [CxNO {NCS) 2 (o-phsn)]ar® found tc be 15.3 . nd 12.7 
jY. cm. mole respectively sug osting that the 
complexes are nonelactr lytic in nature. Tha other 
complexes are also nonelectrolytic in nature (Tabla-12) . 

It is interesting to note that complexes of 



{ Cri * C ) moiaty with S- or 0- donor are coloured reddish 


is predominantly yellow. Fox mixed carbon-nitrogen- donor 


colour i 


All the complexes described here are somewhat 
table in acids but on treatment with alkali the corn- 


ana the coordinated nitxcsyl group 


which can bs tested by using Erie®# 


changes to NO 


T 2 » 


Physical propartias 

Compound 

Colour 

£ CxN C { NCS } g ( dipy )1 

Khaki 

[ CrUl (!!C l j) 2 (o-phan) ] 

Cliva green 

[CrND (NCS) 2 {dipy} (py)] 

V allow 

[ CrNO (MCS) 2 (o“*phan) (pyfj 

Yellow 
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reagent. This suggests that though the wall k own 
complex, K_ "[CxNC (CN)g] , HJu has been isolated in 
strong alkali medium , yet depending on the nature 
of co— ligands the same (CxNC ) moiety is attacked 





STKU-TUKkl *Hi..IuTKY F THc u*.i t_ ' — w 

A- General re marks ; 

The structural chemistry of the 
ct.rnpl.ixas synthesised curing this investigation has 
been followed by magnetic n aosuremcnts, int xsrad, sle- 
et r nic, elect x'on spin resonance, X— ney photcolactrun 
and mass spectre 1 stuu.as. 

The group {Cr.C; contains d electronic c-..n- 
fiyuraticn and thus this entity is of substantial imp- 
ortance fox magnetic properties, due to the strong 
tetragonal distort! - n of the complexes containing this 
group, e.e.r. measurement would be of great help in 
ascertaining the compaioxive compl axing ability of the 
used A— t .onaivig liganas as substituent and also would 
reflect a nature of charge distribution within (CxUo) 
group . 

A 1th ugh, no detail magneto-chemical ca eulatiens 
recaroing the bending scheme of the pr. spared complexes 
containing (CrNt) 2+ moiety surrounded by different 
donor stems is possible using the li itad nature of 
mac su laments dene here, yet cn synthetic point of view 
the proper characterisation of the sites oi cooxdinstiv n 

can be made with certainty. 

The above mentioned concmsicn con bs amply 
supported by the other physicc-cna ical stuc. ss mode 
in this investigation* 



cnduct a nca me as u r sia ints * - 

The conductivity was measured in analytical 


dip typa call with 


reagent grade methanol using 


the help of philips conductivity bridge apparatus 


in the usual manner 


ftagnatic ! ~ 

Gouy method was used for magnetic measure' 


mants 


employed. The apparatus was calibrated using cobalt 
mercury thiocyanate. x 1 ft (corrected molar magnetic 
susceptibility) values were obtained by using usual 


Perkin Elmer infra— cord or 


Spectra were taken in potassium bromide disc© 
Electronic Spe ctral r.e asuxe mssnts s — 


The electronic and reflectance spectra were 


recorded in spec grade ethanol and nujci mulls res- 
pectively with the help of a carry - 14 spectrometer. 
Electron sain r esonance sp ectral measu rements : - 

a.s.r. measurements were carried out on either 


scluti ns cr powdered sample®. The parallel 
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perpendicular components of the ' g' value were obtained 
by maesursmsnt using potassium bromide sc diluent , These 
measurements were done using a vanan - 4502 spectrometer 
and DPrH was used as internal standard, 
f.ao s sp ectr al measu rements s - 

Pass spectrum of [(CrHU (acec)^ was measured using 
an Atlas -CH4 mass spectrometer. The complex is directly 
introduced into the ion source and heated to a temperature 
of 210c. 

X~rav photo electron spec t ral measuremen ts : - 

The photoalactrcnic spectrum for jjCxNb (acec) 2 ] 
wss recorded using E5CA*-3 type spectromater of vacuum 

rjen erotoxs. It is obtained using A1- K°< radiation 

— r j —8 

(1046.6 aV) at a pressure between 5x10 ‘ -1x10 ' torr. 

The sample was mounted on gold planchettes. The binding 
energy reported was standardised using a £ (Is) binding 
energy of 285. C o 7. 

C —hasults .and, Discussion t 
Aaonatic me a sure m ents 

It has been well established that even in pontaaquc 
complex containing the group (CrhO) .that is»|CxNU (rigC) gl 
is paramagnetic with respect to one unpaired electron. The 
.ligands involved in the preparation of the complexes in 
this investigation are mostly A ~ bending type and thus 
it is expected that these complexes should be of low 
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spin type containing only one unpaired electron. The 
ma. natic su. captibility values of the compounds c; ascribe ti 
ear ier, have presented in Table— 13 . 1 ha magnetic suscsp— 

tibility values cf the established complexes containing 
this group are a .so included here for comparison. This 
group are als.- included here for comparison. This 
indicates paramagnetic run., a from 1 .60 B.i.» to 1 • /4 B.H. 
fox these conpiexas. The complexes of the type [CrLj-Nu^ 

2x 

containing {Cr!T-} 4 ' group show magnetic moment values 
slightly higher than the values obtained for these complexes. 

An examination of the magnetic susceptibility values 

of several kn u?n compounds (Tab.l@-13) shows a slightly 

higher magnetic moment for on© unpaired electron (1 .73 13 . »’■ * 5 

from the ©pin only formula. This high moment has been 

1 9 

explained satisfactorily by Griffith and coworkers to 
show that this is due to spin and arbital interaction 
in these complexes. 

It ie remarkable to point out that all the previ- 
ously known compounds r.f this group arm h ax ©coordinated 
where a© the cyanonitrt syl complexes described hare are 
all pen tact rdinated. In the nitrogen denor ligands 
irrespective of monedanata ox bidentato or bulkiness 
of tbs li ; snds t the complexes axa highly insoluble in 
common solvents suggesting polymeric nature. The magnetic 
moment values of these complexes ©re significantly lower 


zatjcJf 

Magnetic properties 
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than the ecetylocatonatu derivative. 'the wi venation 
of th© nitrogen containing ligands as said asrliar suggactad 
that the polymerisation is not encountered with those ~i0” 
an do as bridging group. It is interesting to nets that the 
corresponding tbiocynato complexes are monomeric { vioa 
infra) and their magnetic moment values ara close to 
spin only formula. The infrared spectroscopic results 
which will be discussed below, ruled out the possibility 
of nitrosyl group interaction ox in a bridge position in 
these substituted cyano complexes. Fh© alternative possi- 
bility of bridging via cyano group is solved using infrared 

spectral measurements. 


xoe contain 


(CrNLj** group axe presented in Tables-14,1 
A comparison between the starting pontacys 
hr ornate (I ) anion and its derivatives sugt.asi 
eaxance of a vary strong band in the region 

08 cm"^ in these derivatives ara coordinated 
. ..uj — 23,117 Th shift of -•■'50 cm 


in these complexes compared to the par 
s in agreement for the nonelectrolytic 


Import sn t I .R. Spectral bsnds nnd their assignments 
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ability of this shift; may be cius tr 
xiinati n number {b} ths change in 


furth 


•nri in respect tc tf-hcnding capacity 


xcmatic amin 


ana 


ivativas seme trend is observed. In tha 
ami c-phenanthrclin® the S){ v / , remain aim. ot 


ini no 


owar in frequency to that 


ientical which i 


matal-n it rc yen bond 


that in two chelated dorivativ 


to nan-chelated derivatives 


stronner comp 


■phenanthroline are generally 


Thou .h o i y r i dy 1 and 


nding ligand ear-pars to pyridine 


shown to be be -tar 7\ 


follow hare is abit different 


cr quinoline the trund w 


that in dipyridyl and 


rs almost identical t 


This su vests that the 


lananthx line c m: 


amain s unaffected with the chan, e of 


namaxk and Feltiiam. The 


■cron 


metal ion and the coordinated 


entity 


{Zx’.l,.} group cun b 


However the position >. f sppe; r 


functi; nal group 


arses of -y ( > ) in these cc--.plaxe® can be treated m 
light of the parent complex as tha terminal bonded 
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! 


H 


containing the linear Cr~.lt' -roup, thus ruled out the 


possibility of nitrosyl group to act as brindging 
gr up. Hence the polymeric nature of the cyano subs- 


tituted complexes as sup., oxtad by their y enaxalinsolubility 
in dif e rant common solvents, thair resistivity in alky- 


ltion reaction (vide experimental section) and thair un- 


usual lew magnetic moment values along with broadening 


in e.s.r. spectra (vide infra) can bs accounted for by 


presuming a cyano bridged structure as s -own in fig. 2a, 


2b, 2c and 2d. Solid state spectra of all these deriva- 


tives s ou two cyanide stretchings appearing in identical 


positions that is at 2150-215? and at 2125-2133 cm” 


The lower bend ap ears a© shoulder in all the cases. In 


bridged cyano complexes, the bridging is encountered 


only in tha form of fi— CSfi- E , which results ^(CN) 


to s ift to a higher frequency be assign tha ‘v(CN) 


at 2150—2157 cm for tha bridging cyano groups and the 


rest ens for each c mplax for tha terminal cyano groups 


(fig. 2/. However four possibilities exist for the 


bridge structure (fi . . 2a, 2b, 2c and 2d). Fig. 2a and 


2b represent a dimeric structure satisfying a haxac. 


rdination of the central m 3 tel using cyano bridged stru- 


cture. Fig . 2c and 2d represent a tatrametic structure 


leading to haxac.: ordinate d structure of the central 


mate with cyanide bridge. The dimeric structure is 
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un t s v o u x * & xn th© ssh^s thst Hsx© 0 lino&x nxxanr.; smatvi 
ot *t>H 3 cyBHD Ijxxcli j © Ttnon.© ^y xb net posc^xlol© » iha oxhsx* 


reported cyano bridge complexes contain only the linear 

42 1 1 B 

attachamtn IV-CSN-M . Recently Bustin through 
electrochemical studies on the reaction of [Cx(0! } (HgC) NO] 

+ p + 

with Ag and Hg lens proposed that the bridge structure 
ilka Cr~N*«C-f. (i /=>Ag 4 ',Hs^ + ) is foimad, The CN bridged 
linkage iaotnax like Cr~L— fl-l’ (fwHg ) has also been 
characterised. Thus in accordance with the linear cyano 
bridge structure, the tatrarnaric structures {. -fig. 2c and 
2d} axa favourable. It has bean shown by Raynor and 


cc workers that in acid hydrolysis of pentacyanonitrcmyl 

chr. mcto(I) anion, ths first aquation take© place to the 


cyanide roup in axial position that is t rants to the 


group 


cting effect of ths nitxi ayl in the tetrameric structures, 


untenable. Hence all these evidences 


axe in conformity with the structure, 2c. 

In eque bis { di ethyl dithic/carbanato ) nitrosyl ( I ) 
chromium (I), a slightly hi,; hex 'V(i-L) cosop are to that of 
bis (acatylac star, atr ) nitrosylchrcmium ( I } (Tablo-16) is 
in conformity to the e.s.x. result {vide infra) • xf 
is known that lower coordination number, higher the 
obssrvad frequencies and the reverse trend observed as 
described in the p race suing lines further support that 



dithiccarbamete is a batter complaxing -igand than tha 
ec sty lac at c n at a * 


In the thiocyanate substituted complexes tha 
infrared spectral bands and thaxx tentative assig nmant 
are present ad in Table-17. The thiocyanate group may 
coordinate to tha metal through either the nitrogen 
ex th® sulphur atom ox both. Chromium being in th® 


stretching with those of tha known thiocyanate 


dination could not be possible hare bacau 


s the coordination through nitrogen 


A comparison with the corresponding substituted 
complexes* for example, J^CrNO (CN) ? (o-phenf] with 
CS)„(o— phen/] is highly interesting. The former 


is proposed to be polymeric in nature whereas the 
latter is a monomer. This difference may be attributed 


duo to the lack of chromium to coordinate through 
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sulphur cf *th® -thiocyanate group . This is expactad 

regarding the classification of chromium os a class 
11 9 

A metal . 

\X C r?4 Q ) and {fCCr-H-t ) vibr ation 

Aa discaussed in the introduction (visa sup x® ), 
tha complete assignment of these vibration© require 
isotope substitution d*ta supplement ad by leman Spectr- . 
For nitrosyl complexes the complete agreement of the 

vibrational spectra through analyses ha© bean achieved 

6 121^127 

■ only vith^RuHtiJr complexes * The controversy on 

tha assignment of these vibrations have been settled, 

the ^(HuflO) b© assigned to a band around 600 cm and 

£(Ru-*N— 0} has been assigned at s me what lower frequency , 

1 

though ©ub— reversal of the assignments are reported 
. Among tha complexes described here the 


.123 


bis (acetylacatonato)nitroeylchrcnium (I) shows ©omavhat 

-.“j 

clear spectrum (fig*14). In the range 700-385 cm a 
few sharp bands are observed in ©cetylacetonato complex 
which axe consisted mainly in three band envelopes. 

Tha first envelope contain© sharp bands at 675,654, 

640 em*”^ , the second at 610 and 592 cm 1 and the 
third one at 454 and 412 cm respectively. The nature 
of tha first and third envelopes are identical to tnat 
observed by nikarai and coworker© Tor several square 
planar acetyl ©catenate complexes of bivalent metals. 









1 

— 


mam 


Tha bands in second snvalcp® than should be duo "to Cx-d 


stxoaching and Cr-N-b bending vibrations rasp actively ae 

Jk n 

reported by fiiki t ' w • For complexes containing nitrogen do- 
nors and dithiocarbamato complex, the appearance of bands 


igned with carta- 


at similar wave numbers could not be a. 


inty ©s these aromatic bases and dithiocaxbamata have 
their vibrations which appear at similar wave numbers, 
thus complicating these assignments* However, tentative 
assignments can b® made for bands appeared in tha rang® 
585—596 cm** 1 and 624-612 cm” 1 for Car-N-0 banding and 


Cx«4v stretching vibrations for these complexes 


That the organic molecules in the complexes are 

coordinated to chromium is indicated by shifts in th® 

ligand bands in th® spectra of th© complexes from t n®ix 

positions in the spectra of tha free ligands. Similar 

shifts cm comp lax at ion have b©sn characterised in 

42. 129, 13b 

several metal complexes using these ligands. 


Th® cs.is.r. data of tha synthesised camplaxes are 
presented in Table-19. Tha reported valuao ft.r the aarliar 
known complaxaa axa also sat out in fabls— IG.Tna monomeric 
bis (acatylecatonato) nit rosy 1 chromium ( I ) shews sows inter- 
acting features . It© ©pactxa as powdorad sampla and 
diluted in KBr (fig. 12®} show © tetragonal distortion 



Electron spin resonance parameters fox known (CxNL) 

complexes. 
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in the complex. That value of g (ag) obtained frees g 
and g is in very good agreement with the * g * value 
obtained from undiluted spectra, comparison of the 
0 (iso) ana the nuc ear splitting of the nitrogen, 

A (n } cf the complexes so far known suggest the delo- 
calisation ability of the various ligands attached 
to (CrNC )** group as follows: 

daar© > CH~> acsc”> NH ^ > SCN*“^ H^G , 

However tha ' g* value obtained from the solution 
spectrum of acatylacatonato complex ©hows abit 
higher value than that obtained fremtha solid spectra. 
This suggests that in solution the complex may ba 
solvated in tha axial position trans to HI. A© 
ethanol is used as a ©clvant the interaction with 
the oxygen atom which has got no nuclear ©pin doe® 
net produce any sup e rhy pa x f in a splitting (fig* 12b) • 
As a test a spectrum in athanol treated with slight 
pyridine is under taken • Fig* 12c ©hows that the 
interaction of the pyridine's nitrogen ( 1— 1 ) takas 
place with tha wall resolved three lines spectrum of 
tha complex in ethanol. The N nucleus of pyxrdrne 
interact causing a complex spectrum which would not 
bs resolved further. However t tha *g* value and tha 
complexity of the spectrum are suggestive enough to 
say that the pyx-idino ie coordinated at tha sixth 


■ 






, « s , * i ' ‘ '' 1 , ' . ' \ 



oits according to tha -Pel lowing raacticn. 
^CrN0{ac©c) 2 J +py — £Crkb (acac) 2 Cpy)“| 

The corresponding dithiocaibamato complex as such has 
been isolated as haxacoordinated species. A comparison 
of tha *3* value (fig. 14} with others ©ug sets that 
its delocalisation ability foils in between cyanide 
and ©ctylacatonate ligands. 

Tha substituted cyanonitr syl complexes ere 
highly insoluble in nature and only the powdered 
spatrfcre are taken which revealed nothing important 
to throw light for thair lower magnetic moment values 


ab ut polymeric nature. However, a comparison cf 


tha cyano derivatives© along with the thio-cyeneto 


derivatives resulted one interesting observation. 

The powdered spectra of j”CsNG (CN) ^ (°“Phen)] and 
CiNO (NCS} g (orphan)'] presented in fig. 15e suggest 
that the line width ( between point of maximum slope) 
of tha cyano substituted complex is greater (93.0 gauss) 
than that of the thiocyanate* substituted complex 
{42.0 gauss). Taking into consideration of tha metal 
coHsplaxihg ability of cyanide than thiocyanate group 
and the change in mass between these complexes by 
tha units of two sulphur atoms, the broadening of 
tha spectrum of the former complex way be attributed 
due to exchange broadening caused by interaction due 




■SB 


■■■ 


•to polymeric state cP the complax. 

Ths athanolic solution spectrum of 
[CrNO (NCS)„ (o-phan/1 (fig. 13 ) consist© of a broad line 


hypsrfine splitting duo to N of NL is masked by 

14 

further hyperfina splitting from tha FI nuclei of 


tho two nitrogens cf phananth rolina ligand along with 
those of the thiocyanate groups. 


Tha mass ©pact rum of [CrNQ (ecac)^ is present ad 
in fig. 16. Beside© tha appearance of parent ion peak 
at 2B0(r</e)» ions like MG*, Cr + , CrHC (scac) + *C;r(aGae)* 


are observed. The observation of each 


peak ax 3 in accordance wivh the different oxidation 
states of chromium. Tha most in t ansa peak is observed 
for Cr(acac)?,. However, the molecular ion pm ak is of 
low intensity which is comparable to that ' observed in 
even for CrCacac)^, Ho wav ex, the monomeric nature of 
the complex is here established* 
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INTENSITY 



XP5 SPECTRW Of [cvNO(acac) 
IN THE RANGE ( 595- 415 «V) 


BiNDINQ ENERQY/cV 




compared to parent cyancnitroeylchromium ( I } anit n . The 


slight increase of this value also tallies with the 
increase t.f (iU.) in its infrared sp act run (vide Supra 


The cfaearved axial symmetry cf the *g* tenser for this 


a of linear Cr-M 


Group 


would be restricted hers on dipyridyl substituted complex 
taking it as representative of this class if compound 
along with tha acstylacetonato complex. For free ddpy~ 
ridyl the first peak which appears at 290,1 nm, » corxaa- 
pends essentially to r- tc transition. Coordination of 
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•this with metal ion resu It® in a rad shift with the often 
splitting of this peek^^. In identical nit rosy loyano ci«- 
p 1 a x of ir-. n (II) -this rad shift followed by splitting 
xs clearly observed and the position of the appearance of 
this peak suggests that tha fl- system of the dipyridyl does 
nut affect much tha 7 $ system of NO by comparing tha peak 

A *3 <|0'7 

positions of nit ropxusside anion * with that of the 

dipyridyl substituted cyanonitroeyl of iron (II) '* Su . The 

3rd peak observed at 335.0 nm in pentacyanonitrosyl— 

chr -rate ( I ) anion is less intense than the 2 nd peak, 

# 

obviously it can not mask their- * transition of coordi- 
nated dipyridyl. Thus ths 3rd peak at 323.2 nm is mainly 

# 

responsible for ir— *jr transition of cornplaxad dipyridyl. 

The appreciable red shift of this band which has no 

135 135 

parallel in other dipyridyl complexes, * suggests 
the considerable mixing between the Tf- system® of dipyridyl 
and {CrNi ) moiety in these complexes. The acetyl acet mate 

complex also iues evidence of tha considerable red shift 

* 136 

cf its K — * transition that is from 290. B nm to 

337.2 nm which also supports this view. From tha inten- 
sity of tha 4th peak in all these complexes along with 
the nature of the extinction coefficient of the acaty- 
lacstonato complex, it may be p resume c that this pa«.-k 
for all those complexes can also be assigned to strong 
75' — jt transition of the complexes! ligand moiety ' 9 
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*’ t; “ pae»ks xst end 2nd, the low intensity nature of "these 
peaks in alx "these complexes followed by axtinctic-n coa— 
tridents of such peaks of acetyl&cetonato ccr.pl ox sugg- 
est "them prodoroinatly of * d-d* "type transitions. 

Unlike the e.s.r. spectrum (vide supra), the 
solution {methanol j electronic spectrum of bis (acety- 
locetcn. to) nitrnsylchromium(I) cl as not give any clue 



of the solvation at the sixth position tr ns to NO as 
the solid state and solution electronic spectra of 
this compound give absorption peaks et indentical 

pcstitcns. 








sunnARY 


lha -thesis comprising the results of tha investi- 
gations on tha nitrosyl complexes of monovalent c ircmium, 
has bean divideo into three chapters. 

in chapter I# a brief and general account of tha 
cyanonitrcsyl complexes has b lan given. The use f diff- 
erent physico-chemical method© in elucidating tha bonding 
nature and structural aspects of these complexes are also 
reviewed. Based on these, a bread account of tha chemistry 
ov nit rosy 1 cnromrumCl} complexes ha© been given , From 
the synthetic point of view , the derivatives, tha know- 
ledge ©bout unich are only exist in solution studies, are 
synthesized. As an utcoma of these, tha ©cope of the 


present work ha© been stressed 


haptar II describes tha materials and method© 


involved in the present work in details which has been 


subdivided 


tha new y prepared complexes. Chapter II-B describes 


the preparation and properties of tha newly synthesized 
compounds. A© this type of substitution reactions have 


got no parallel among other nitrosyl cyanc ccmplsxos of 


transition metals except ruthenium and to some extent 


iron, soma analogies were triad to establish. Based on 


the substituent groups of these mixed ligand nitrosyl 
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cyans complexes of chrcmiutn(I), chapter IX— B was •further 


dad into four sub-heading®. Chapter IX— B, 1 describes 


the preparation and properties of e series cf nit rosy 1 
chromium complexes having general formula puxN i (CM) 2'~2' 
(where L^o-phsn, dipy, 2 Qu, 2 py, 2 picol ine ) starting 
from the sobstitution reaction of [CacNti (CM ) gj .HgC with 
these nitrogen donors. The reaction can b-a generalised 


as balow 


CrNC. 


complexes with those of other metols nitre oylcyano deri- 
vatives ware shown by comparison. Chemical inertness of 
cyanc groups present in the representative complex » 
jCrM G ( CN ) 2 ( dipy 2 C " F class ha© been shown by failure 

of the reaction cf the following type® *- 

~ # -i ssalsd 'tube 

[CrfjL{CN) 2 (dipy)] + excess dipy , — ; y, » no change. 

r , . . „ , _ sealed tuba 

[CrNL (CN) ^ {dipy | + i-Hgl ± no change. 

[brN l ( CN } 2 ( dipy Jj + CHgl+HgX., partial decom- 

pcs . tiers with 
no change. 

Chapter 1I-B.2 and B.3 describe the preparation 
and properties of bio{acetylecetonotc)nitrosylchrumium(I) , 
f CrNC (acacj „"1 and aquebxs ( diethyl dithiocarbamato ) nit rosy- 



rju^auuuraxnaxia specie© whereas The corresponding ©c airy .la- 
cetonato complex is pantact, crdinated. In solution the 
acatylacetcneto complex remains solvated as [CxND (acac) 2 Sj 
(where S * donor so '.vent molecule). This has been particu- 
larly demonstrated in ethanol solution using traces of 
pyridine ana the entarsction has be n followad spectros- 
copically (vide supra). 

Chapter II— B .4 disc ribas the preparation and oro— 


ubstitutad 


Chapter III describes the physicochemical investi- 
gations of the isolated complexes. The studies include 
magnetic susceptibility, infrared, electron spin resonance 
mass. X-ray phatoelectxon and electronic spectral measure- 


ments 


The magnetic moment values of the prepared complexes 
aft sx correction for diamagnetic contributions of the liga- 
nds are in the range from 1.60 B.F1. to 1,74 B.f. These 
values ara consistent with a low spin d configuration. 

This is in expectation as the ligands involved in the 
preparation of the complexes ara mostly x — bending type 
and hence should be of low spin type containing one 
unpaired electron. The slightly higher magnetic moment 
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(1.67 B.rt.) for "the parent complex # j”CrNO (CN)^] .H^ is 
due "to spin and orbital interaction in the complex. It 
is remarkable to note that the magnetic moment values 
(I.SO-1.66 B.FU) of the cyano substituted complexes ara 
lower than acatylacatoneto complex* On the ether hand 
tha magnetic moment values of thiocyanate n it rosy 1 
complexes are close to spin only formula. This suggests, 
the polymeric nature of the cyan onit rosy 1 complexes and 
monomeric nature of tha acetylacetcnato and thiocyanate 
derivatives . 

Characteristic stretching frequencies of differ- 
ant coordinating ligands have bean assigned in tha 
infrared spectral studies • The Sl(Nu) of the isolated 

«*» *i 

complexes is in the range 16 § 4—1 710 cm which is com- 
parable to tha S)(Ni) of the known complexes. Solid 
state spectra of all tha cyanosubctitutad complexes 
give two cyanide stretchings in identical positions 
that is at 2150-2156 and at 2125-2133 cm . The lower 
band appears as shoulder in all these complexes, Tha 
S>(CN)at 2150 cm” 1 is assigned for the bridging cyano 
group© and the rest one fox each complexes for the 
terminal cyano group. Various probable structures 
have been assigned for these complexes. The structure, 
fig . 2c, is finally said to be correct among them. This 

IIS 

i© in accordance with the investigation made by Busiin 
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end valuable results of K, Nakamoto 


Ths S)(N L ) in aquobis ( diethyl aithio carbamate) nit ro- 
sy! chromium (I) is -slightly higher than in acetylacatcnatc 


derivative and the dithiccarbamate is assigned as batter 


complying li and than acstylacetonata 


In thiocyanato substituted ccmplaxas, the bending 
of chromium through *N* of the thiocyanato group is sugg 1 
eat ad by comparing the observed cyanide stretching in 


these complexes with those of the k ;ewn thiocyanato 


complexes These complexes axs assigned to be monomeric 


in nature due to lack of chromium tc c crdincte through 
* S* of the thiocyanato group . 


tha prepared complexes in this investigation 


Electron spin resonance spectral studies have been 


made for soma of the prepared complexes. Tetragonal distc 


srfcion in all those complexes is clearly reflected through 
the shape of the spectrum. Tha solvation in bis (acatylacet- 
onat o ) nitrosylch romium ( I ) at the sixth position txans to 
NO is suggested through this study. Tha e»s*r . spectrum 
of this complex in ethanol treated with traces tf pyridine 
shews tha intaraction of tha pyridine* s nitrogen (I ==1) 
with the wall Jfeaolvad three lines spectrum of tha 
complex* Ths *g* value ©no tha complexity of the sp act rum 
suggest that tha pyridine is coordinated at the sixth 


position. Tha *y ' value of the corresponding dithiocsxba- 
nato complex is compared with ether complexes which indi- 
cates that the delocalisation ability of this ligand is 


in between cyanide and acetyl scat on at a ligand. 

Tha e.s.r. spectra of tha undiluted powdered 
samples of [CrNo (CM, ^ (o-phenjfj and [CrNL (NCS)^ (o-phan)J 
clearly indicate that tha line width of the cyanosubsti- 

tutad complexes is greater than that of tha thiocyanate 

* 

substituted complex. This broadening of tha spectrum of 
cyanoeubstituted complexes may ba presumed due to exch- 
ange broadening caused by interaction due to polymeric Twrtave 

of the complex. 

The only well established compound jjirNO (acacj^J 
containing oxygen as u ncx atoms of ether co-ligands 
has sharp malting point snd hence subjected to mass 
spectral studies. The observation of each peak in this 
spectrum are in accordance with the different oxidation 
states of chromium. The monomeric nature of tha complex 
is sug ested through this study. 

The X-ray phe toelectron spectral studies is only 
road© fox bis (ecetylacetcnatc Jnitrcsylchrornium (I) complex 
due to the reason mentioned in above pare. . thex complexes 
contain nitrogen den r which may affect the N (Is j binding 
energy of the NO group and hence could net be subjected 
to this study. The N (isj binding energy value 401. B ©V 
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fur t- is complex is comparable "to tho parent complex 


The reflectance spectra of some of the cyano sub- 
stituted complaxas, [ur«iw (C») 2 L 2 ] (L 2 =» c—phen, dipy, 2py, 
2Qu) and electronic spectrum of bie (acetyl scat onato ) nitre* 
sylchromium(I) in mat ban cl are described. Ail these 
complexes eh w four wall resolved peaks which axe 
comparable to these reported for the par nt complex, 
K 3 [C*NG(CN; s JH 2 b. 
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